Stairways serve as important walking facilities for pedestrians, especially in metro stations, but researches of pedestrian traffic on stairways are not sufficient. This paper investigates pedestrian interactive behaviors (PIBs) under the different level of services (LOS) on stairways, including overtaking behavior and evasive behavior on stairways. Macro and micro indicators are proposed and calculated based on field observation collected from two stairway flights in a certain metro station in Shanghai, China. Results of macro indicators reveal that the characteristics of overtaking behavior and evasive behavior have both similarities and differences. As for similarities, neither of these two types of behaviors would occur under extremely low or high densities, representing LOS A or LOS F. Under other ranges of density, occurrence intensities of pedestrian interactive behaviors on stairways are different. Overtaking behavior intensity shows a rapid increase trend with the density from low to medium, while evasive behavior intensity keeps a certain value. Results of micro indictors show that the available space for overtaking behavior and evasive behavior is the main factor contributing to the above similarities and differences. Characteristics of PIBs under the different LOS present in highway capacity manual are discussed based on field observations. Findings of this research are helpful to understand the knowledge of PIBs on stairways for a better stairway traffic design and level of service evaluation.
Introduction
Pedestrian stairway is one of the most common and important walking facilities. It is widely used in transportation buildings (such as metro stations) and other pedestrian traffic areas. Pedestrian interactive behaviors (PIBs), including overtaking behavior and evasive behavior, always occur when pedestrians move in cluster on stairways, which have significant impacts on the comfort and safety of pedestrian traffic on stairways. Thus, it is important to understand the characteristics of PIBs under the different level of service (LOS) on stairways.
Previous studies mainly focused on pedestrian walking features and the analysis of factors affecting walking speed on stairways [1] [2] [3] [4] [5] [6] . For example, Templer [1] found that pedestrians have preference to walk right-hand side on stairs. Yi et al. [2] conducted an experimental study about walking characteristics on U-shaped stairways. They pointed out that pedestrians concentrated in the middle part of the stair when the facility was narrow but had preference to walk along the stair edge when it became wider. Yang [3] analyzed the behavior characteristics of young students when they were walking on stairs. Phenomena of queuing on platforms, confluences at entrances, and subgroup behavior have been observed. And results showed that pedestrians have higher possibility of overtaking in emergency conditions. Fujiyama and Tyler [4, 5] analyzed the factors that can affect walking speed and established a model to estimate pedestrian walking speed on stairways. Results revealed that the speed of pedestrians became slower when they are surrounded by the other persons.
As for the analysis of PIBs, many researchers have conducted studies on level walkways [7] [8] [9] [10] [11] [12] [13] [14] ; studies about PIBs on stairways were relatively inadequate. Pauls [15] pointed that the lateral oscillation of pedestrians walking on stairways would increase when their speed become slower. Fujiyama and Tyler [16] observed the avoidance behavior of pedestrians on bidirectional stairways. Furthermore, in Highway Capacity Manual (HCM) 2010, the LOS criteria for stairway traffic are developed based on the analysis of probability of conflict among pedestrians when PIBs occur at different density levels [17] . However, it should be admitted that quantitative studies on pedestrian behavior on stairways are still insufficient, and the descriptions of these behavior characteristics at different LOS presented in HCM 2010 are quite vague. For example, at LOS B, it states the following: "Occasional need to adjust path to avoid conflicts" and "Frequent need to adjust path to avoid conflicts" for LOS C. However, how to quantify the degree of such needs and give more explicit description for stairway traffic status at different LOS is not fully supported by current available knowledge.
From previous studies, we can find that quantitative studies on PIBs on stairways are quite scarce. There is a gap between the research on individual walking behavior features and the traditional research on pedestrian flow characteristics. These lead to no comprehensive understanding of stairway traffic. Therefore, the main objective of this paper is to strengthen the knowledge of PIB characteristics on stairways and to provide a theoretical support for the planning and design of stairway facilities as well as the evaluation of stairway traffic flow.
This paper aims to extend the understanding of PIBs on stairways to quantitatively investigate the stairway pedestrian flow characteristics, including overtaking behavior and evasive behavior. On one hand, macro indicators describing the frequency of events of PIBs events are analyzed with the variation of pedestrian traffic density. On the other hand, micro indicators describing the characteristics of PIBs are developed to reveal how pedestrians interacted with each other. Connections between macro and micro indicators are also built up to give a full picture of pedestrian traffic flow phenomena and rules on stairways. The description of PIBs under the different LOS on stairways is discussed according to HCM 2010. The paper is organized as follows. Data collection is introduced firstly in Section 2. Section 3 analyzes the characteristics of overtaking behavior on unidirectional stairways. And evasive behavior on bidirectional stairways is presented in Section 4. Descriptions of PIBs under the different LOS on stairways are discussed in Section 5. This paper ends with a brief conclusion and discussion on future studies in Section 6.
Data

Observation Sites.
To analyze the characteristics of PIBs on stairways, the observation sites should be isolated from other transportation modes. And the sites could be bidirectional to observe pedestrian evasive behavior. Meanwhile, pedestrian traffic is expected to vary with density range to cover pedestrian flow of low, middle, and high densities. According to filed observation, Zhong-Shan Park Station is selected as the observation site, which is a metro station in Shanghai with large amounts of pedestrian flow and three metro lines interchanging. In 2016, daily passenger flow volumes including transfer volumes in this station were 570,000 ride trips. During peak hours, passenger flow volumes make up nearly 20 percent of the total daily volumes. Thus, the various pedestrian flow densities could be observed in this site.
As can be seen in Figure 1 , two flights of stairways in the metro station are selected for field observation. Physical characteristics of the observed stairways are given in Table 1 , illustrated in Figure 1 (e). Bidirectional flow is allowed in these two stairways all the time in a day. Stairway A serves ascending pedestrian flow (see Figure 1 (a)), and Stairway B serves descending flow (see Figure 1(b) ). For peak hours, bidirectional pedestrian flows are observed on such two stairways (see Figures 1(c) and 1(d) ). The average grades of these two stairways are about 25 ∘ , and the tread width and riser height are 0.30 m and 0.15 m, respectively. With consideration of the impact of connection with other spaces on PIBs, Figure 2 shows the details of the connected landings and other flights of the observed ascending stairway. There are four flights for the ascending stairway. The second flight is selected as the observed object; see Field observation is conducted by recording the videos of pedestrian traffic on the two stairways during peak commuting hours, which are 7:00∼10:00 in the morning and 16:00∼ 19:00 in the evening. The reason for selecting peak hours as observation time is twofold. One is to obtain more highdensity traffic flow data, and the other is to facilitate observing interactive behavior of pedestrians, since pedestrians usually walk in a hurry during peak hours, which will cause high possibility of pedestrian overtaking behavior and evasive behavior.
Indicator Definition.
Two different categories of indicators are introduced for describing the characteristics of PIBs. A person who needs to overtake the slow pedestrians in unidirectional pedestrian flow on stairways represents overtaking behavior; and a person who needs to avoid the opposite pedestrians in bidirectional pedestrian flow on stairways represents evasive behavior. Shan et al. defined these two types of indictors on the walkway characteristics of PIBs, named macro and micro indicators [11] . Similarly, the macro indicators, representing the occurrence frequencies of PIBs, and micro indicators, representing the space necessary for taking PIBs for this research, are listed in Table 2 .
A brief description of the meaning of these indicators is given as follows:
(i) The occurrence intensity of PIBs ( o , e ). They are defined as the number of PIB events occurring per unit time at a certain density level. They are the balanced outcome of PIB demand and available space supply, which can represent the possibilities of PIBs occurrence at different pedestrian flow densities.
(ii) The proportion of sideways ( o , e ). They are defined as the proportion of sideways PIB events to the total PIB events at a certain density to illustrate the difficulty of taking behaviors.
(iii) The initial longitudinal distances of interactive behaviors (L o , L e ). These indicators are defined as the longitudinal distances between the two pedestrians when the PIB event starts; see Figure 4 . Such indicators reflect the pedestrians' available longitudinal space during the interactive behavior process.
(iv) The final lateral distances of interactive behaviors (H o , H e ). They are defined as the lateral distances between the two pedestrians at the moment when the interactive behavior events are over. The indicators reflect the pedestrians' available lateral space during the interactive behavior process.
Indicator Calculation.
As for data extraction, a manual counting method is adopted with the help of a video player software, which can play (including playing frame by frame, a frame equals 0.04 seconds) and replay the recorded videos. The leading pedestrian will be overtaken, and the rear pedestrian will overtake the slow leading pedestrian. For macro indicators of PIB occurrence intensities, each overtaking behavior or evasive behavior can be recorded, as well as the density, when PIBs are happening. Thus, we can calculate the total number of PIBs events (with the symbol of N oi and N ei , resp.) that happened at a certain density. We divided the observed time period into more than 4000 portions with the unit of 5 s for each portion. And density of each portion is also recorded to sum the total time length (T i ) for a certain density i. The occurrence intensities ( o , e ) can be calculated using the following formulas: Meanwhile, at the ending point of PIBs, we can determine whether the behavior is a sideways behavior or not; thus the total of sideways behavior at a certain density could be summed (S oi , S ei ). And the proportions of sideways behavior to the total events at a certain density could be calculated with the following formulas:
It should be noted that theoretically the density is the instant number of pedestrians on stairways divided by the observed area. But, in practice, the statistical interval for density calculation is 5 seconds because it could be regarded that the average density will mostly remain the same in five seconds [11] .
For micro distance indicators, the horizontal and vertical coordinates of the key points are recorded with the consideration of the feet positions of pedestrians and physical characteristics of stairways. The key points of PIBs include the starting point and end point, as can be seen in Figure 3 
Pedestrian Overtaking Behavior On Stairways
Occurrence Intensities on Ascending and Descending Stairways.
During the time period of field observation, a total number of 120 pedestrian overtaking behavior events on ascending stairway are observed, with the density ranging from 0.15 to 2.7 p/m 2 . Similarly, 63 pedestrian overtaking behavior events are collected on descending stairway, with the density ranging from 0.15 to 3.0 p/m 2 . Through classifying available density values into sequential subgroups with the unit of 0.15 p/m 2 interval to aggregate behavior samples in the same density group, the distribution characteristics of occurrence intensity of pedestrian overtaking behavior on stairways under varying densities are captured with the different pedestrian flow LOS presented in HCM 2010, as shown in Figure 6 . Overall, with the continuous increase of pedestrian flow density, both of the occurrence intensities of pedestrian overtaking behavior on ascending stairway and on descending stairway first increase and then show a decreasing trend.
As can be seen in Figure 6 , at extremely low density with the density less than 0.15 p/m 2 or extremely high density with the density greater than 2.4 p/m 2 on ascending stairway and greater than 3.0 p/m 2 on descending stairway, there is no pedestrian overtaking behavior. This is because, at extremely low density, there is no interaction among pedestrians; thus there is no need to take overtaking behavior; see Figure 7 (a). On the contrary, at extremely high density, all pedestrian movements are severely restricted, resulting in no available space for overtaking behavior; see Figure 7 (e).
When pedestrian density increases from a low value to a critical value, the occurrence intensity raises dramatically up to the peak value. The density range is about 0.15∼0.9 p/m 2 on ascending stairway, and the density range is from 0.15 to 0.6 p/m 2 on descending stairway, as shown in Figure 6 . This may be interpreted as follows: interaction among pedestrians accrues with density increasing, leading to the demand for overtaking behavior growing up quickly. On the other hand, the space supply on stairways is still enough for pedestrians to overtake other pedestrians; see Figure 7 (b). Fast growing overtaking demand and abundant space supply lead the occurrence intensity of overtaking to increase rapidly.
With the continuous increase of pedestrian flow density, larger than the critical value, the occurrence intensity shows a decreasing trend. And the range of density is from 0.9 to 1.65 p/m 2 on ascending stairway, with the range from 0.6 to 1.35 p/m 2 on descending stairway. The reason for this feature is that although the demand for overtaking still grows up, the space supply on stairways decreases rapidly, which restricts the occurrence of pedestrian overtaking behavior; see Figure 7 (c).
As the density increases further, the intensity of pedestrian overtaking behavior keeps a declining tendency with a relatively low rate. The density range on ascending stairway is about 1.65∼2.4 p/m 2 , and the range of density is from Furthermore, from the aspect of pedestrian flow LOS, the largest intensity of pedestrian overtaking behavior on ascending stairway is the LOS D, while the largest intensity on descending stairway is the LOS B. There are no pedestrian overtaking events on LOS F. And both the intensities on ascending stairway and descending stairway show very low values on LOS E. Meanwhile, the intensity on ascending stairway at a certain density is always larger than the intensity on descending stairway. The reason may be that pedestrians should focus their mind when they walk on descending stairway.
To fit the functions between pedestrian flow density and occurrence intensity, SPSS software is used with the module of nonlinear regression. Results are shown in Figure 8 . The regression functions are as follows: 
where D means the pedestrian flow density, oa is the occurrence intensity on the ascending stairway, and od is the occurrence intensity on the descending stairway. Both of the values of R-square are larger than 0.85, showing a good regression.
Proportion of Sideways Pedestrian Overtaking Behavior.
As can be seen in Figures 6 and 8 , for a certain occurrence intensity, two density values could be obtained. For example, when the occurrence intensity is about 1.4 times/min on ascending stairway, the density may be 0.37 p/m 2 or 1.81 p/m 2 based on the fitted function. However, the difficulty of implementing overtaking behavior at such densities is different, which can be illustrated based on the indicator of proportion of sideways behavior, as shown in Figure 9 .
As can be seen in Figure 9 , with the increase of density, proportion of sideways behavior shows an increasing trend.
When the density is less than 0.9 p/m 2 , the proportion is less than 10%, at LOS of A, B, and C. Based on field observation, when the density is larger than 1.6 p/m 2 , all the pedestrian overtaking behavior events are sideways behaviors with the LOS of E. When the density is from 0.9 p/m 2 to 1.6 p/m 2 , the proportion of sideways behavior shows a linear increasing trend from 4% to 100%, with the LOS of D.
Microscopic Characteristics of Distance Indicators.
For the purpose of deeply understanding the macroscopic characteristics of pedestrian overtaking behavior, most of the behavior events are selected for micro indicators analysis with the 98 samples on ascending stairway and 54 samples on descending stairway. The distance indicators include the initial longitudinal distance (L o ) and the final lateral distance (H o ). Table 3 shows the descriptive results of such distance indicators on ascending and descending stairways. And the scatter diagrams between such indicators and density are shown in Figure 10 .
The method of one by one to calculate the correlations between these two distance indicators and density has been adopted to identify the key densities [11] . As for the ascending stairway, when the density is less than the key density (1.05 p/m 2 ), the longitudinal distance shows a decreasing trend; see Figure 10 (a). When the density is larger than 1.05 p/m 2 , there is no significant relationship between longitudinal distance and density, with the average value of 81.1 cm. For the horizontal distance, in contrast, when the density is less than 0.9 p/m 2 , we find that there is no significant relationship between horizontal distance and density, with the average value of 62.7 cm; see Figure 10 (b). After that, the horizontal distance decreases with the increase of density.
Similarly, the key density of longitudinal distance on descending stairway is also 1.05 p/m 2 (see Figure 10 (c)), while the density of horizontal distance is 0.75 p/m 2 (see Figure 10(d) ). The average values on descending stairway are 73.5 cm and 57.2 cm.
Thus, the occurrence of overtaking behavior is more dependent on the longitudinal distance rather than horizontal distance. Within a low-density range, the horizontal distance remains almost constant with the increasing density, meaning that available space for pedestrians to overtake is not deducted notably even though the longitudinal distance keeps decreasing. Meanwhile, the space for implementing overtaking behavior is about 75 cm for longitudinal distance and 60 cm for horizontal distance, which also reflects the space demand for a person walking on stairways. The reason for the differences of micro distances between these two different stairways may be that descending people have already changed their lateral positions before they got the first stair due to the top flight selected as the field observation [18] . The above rules of space supply change for pedestrian overtaking behavior are in line with and support the characteristics of occurrence intensity change with pedestrian flow density. At low-density range, the increasing density leads to much interaction among pedestrians and the overtaking demand rises up. At the same time, the available space for taking behaviors is maintained at a high level. Therefore, the occurrence intensity increases rapidly. As the density goes up further, the interference among pedestrians is intensified and the overtaking demand increases continuously, but unfortunately the available space for overtaking declines sharply (mainly because the micro distances decrease quickly, see Figure 10 ). Therefore, the occurrence intensity decreases rapidly. Finally, there is no available space at extremely high density, resulting in none of pedestrian overtaking behavior events. on bidirectional stairways are collected, with the density ranging from 0 to 3.45p/m 2 . The available density values are also classified into subgroups with 0.15 p/m 2 interval to aggregate behavior samples in the same density group. The distribution characteristics of occurrence intensity of evasive behavior under different LOS defined in HCM 2010 are shown in Figure 11 .
Pedestrian Evasive Behavior on Stairways
Occurrence Intensity on Bidirectional
As can be seen in Figure 9 , at extremely low density (less than 0.15 p/m 2 ) or extremely high density (greater than 3.15 p/m 2 ), there are no pedestrian evasive behavior events. The reason is that pedestrians are not influenced by others at extremely low-density level and there is no need to take behavior; see Figure 12 (a). On the contrary, at extremely high density, all pedestrian movements are severely restricted; see Figure 12 (e). There is no available space for taking evasive behaviors.
As the density increases, pedestrian evasive behavior can be observed and the occurrence intensity remains relatively stable, with the average value of 2.28 times/min. The range of density is from 0.15 p/m 2 to 1.4 p/m 2 . The reason is that, with the increase of density, the interaction among pedestrians accrues and the demand for taking evasive behaviors grows up quickly. Meanwhile, the space supply for pedestrians to avoid others decreases simultaneously from more pedestrians crowding; see Figure 12 (b).
As the density increased over the critical value (1.4 p/m 2 ), the occurrence intensity declined sharply. The reason is that the space supply for pedestrians to avoid others on bidirectional stairway decreases rapidly, which restricts the occurrence of pedestrian evasive behavior events in spite of the increasing demand of taking evasive behaviors; see Figure 12 (c).
As the density increases further larger than 1.8 p/m 2 , the intensity of avoidance behavior keeps the declining tendency but with a relatively lower rate. The continuing decrease of the occurrence intensity is mainly the result of more intensive constraints among pedestrians, which severely restricted the occurrence possibility of pedestrian evasive behavior; see Figure 12 (d).
Furthermore, from the aspect of pedestrian flow LOS, the occurrence intensity shows a stable trend when the LOS is B, C, and D. At LOS E, the intensity shows a decreasing trend. In LOS F, there are few pedestrian evasive behavior events.
The fitted function for the occurrence intensity when the density is larger than 1.4 p/m 2 is as follows: 
where D means the pedestrian flow density and e is the occurrence intensity of pedestrian evasive behavior.
Proportion of Sideways Pedestrian Evasive Behavior.
To show the difficulty of pedestrian evasive behavior at different densities, almost 70% of evasive behaviors are sideways behaviors. Figure 13 illustrates the proportion of sideways evasive behavior at the different LOS. The proportion of sideways behavior shows an increasing trend from LOS A to LOS D. The evasive behavior events are totally the sideways behaviors when the density is larger than 1.5 p/m 2 at LOS E. Compared with the characteristics of proportion of sideways overtaking behavior, evasive behavior needs more space to take behavior, which will be discussed in Section 4.3. Table 4 . Figure 14 shows the relationship between these two distance indicators and density. As can be seen in Figure 14 , both L e and H e show a decreasing trend when the density increases from 0.19 p/m 2 to 1.45 p/m 2 , as well as the LOS A, B, C, and D. This finding indicates that the increasing density leads to the reduction of available longitudinal and horizontal space, and the total space for taking evasive behaviors becomes smaller and smaller. Therefore, the ability of taking evasive behaviors is restricted severely.
When the density is larger than 1.45 p/m 2 , there is no significant relationship between L e or H e and density at LOS E. The average value of L e is about 145 cm when density is larger than 1.45 p/m 2 , almost two times compared with the average value of L o with the density larger than 1.05 p/m 2 , while the value of H e is about 45 cm.
The microscopic characteristics also support the occurrence intensity features, of which first remains stable and then decreases. At low density, the increase of density leads to much interaction among pedestrians and much demand for taking evasive behaviors, but the available space reduces synchronously. Therefore, the occurrence intensity maintains a stable level due to the trade-off between demand and space supply. As the density increases further, the interference among pedestrians intensifies continuously, while the space supply becomes decreasing, resulting in the rapid decrease of occurrence intensity. Finally, the basic space requirement for evasive behavior is not large enough, leading to none of pedestrian evasive behavior events. In this case, pedestrians walk forward by following the lanes of their own directions.
Compared with the results of two such behaviors, we find that there are similarities and differences between pedestrian overtaking behavior and pedestrian evasive behavior in terms of the macro and micro characteristics. As for similarities, neither the overtaking behavior events nor the evasive behavior events can be observed at extremely lowor high-density level. Meanwhile, when the density increases from the extremely low level, the occurrence intensity of overtaking behavior increases rapidly, but that of evasive behaviors remains relatively stable. This is mainly due to the different change rules of space supply for different PIBs with the continuous increase of density. Meanwhile, it may also be attributed to the different natures of the two types of behavior. If the space allows, all individual pedestrians have probability to overtake others, while pedestrian evasive behavior mainly occurs at the interface of two flows in different directions. As for the distance indicators, the average value of L e (188 cm) shows two times larger than the value of L o (90 cm) due to the more space demand of pedestrian evasive behavior. The value of H e (60 cm) is similar to the value of H o (65 cm) because of the width demand of a person walking alone.
Discussions
Based on the macro and micro characteristics of PIBs on stairways, Table 5 shows the critical densities with the descriptions found in our research. For example, when the density is less than 0.15 p/m 2 or the space is larger than 71.8 ft 2 /p, none of PIBs could be observed. For LOS B, the largest intensity of pedestrian overtaking behavior on descending stairway is observed with the density of 0.65 p/m 2 . The horizontal distance of overtaking behavior on descending stairway becomes decreasing when the density is larger than 0.75 p/m 2 at LOS C. Meanwhile, the longitudinal distance for overtaking behavior keeps a stable value, when the density is larger than 1.05 p/m 2 at LOS D. All the PIB events are the sideways behaviors at LOS E. None of pedestrian evasive behaviors could be observed when the density is larger than 3.15 p/m 2 at LOS F. The left part of Figure 15 shows the description of PIBs presented in HCM 2010, while the right part of Figure 15 shows the critical densities identified in this study. There are some differences between the two different descriptions, compared with the description of the critical density presented in Table 5 and the description presented in the left part of Figure 15 . For example, the largest intensity of overtaking behavior on ascending stairway is at LOS D, while the description of HCM 2010 is "limited ability to pass lower pedestrians." And none of pedestrian overtaking behaviors on descending stairway could be found in LOS E, while the description of LOS E is very limited ability to pass slower pedestrians. It is reasonable for such differences due to the differences of the observation environment and the different walking directions.
Conclusions
Pedestrian interactive behaviors, such as overtaking behavior and evasive behavior, are crucial elements for better understanding pedestrian flow on stairways. This paper aims to explore the characteristics of PIBs under the different LOS on stairways. Related indicators are proposed and calculated based on field observation, including occurrence intensity, proportion of sideways behavior, longitudinal distance, and horizontal distance. Then, pedestrian overtaking behavior and evasive behavior features are analyzed, with the consideration of different pedestrian flow densities. The relationship between macro indicators and micro indicators are discussed. Lastly, the description of PIBs on stairways presented in HCM 2010 is discussed and revised based on the characteristics of PIBs.
Results show that the occurrence intensities of PIBs first increase and then show a decreasing trend with the increasing density. Neither of the two types of behavior occurs at extremely low or high density. At extremely low density, pedestrians walk individually with no need to take PIBs. At extremely high density, there is no enough available space for taking overtaking behavior or evasive behaviors, resulting in none of PIBs. At the other ranges of density, the occurrence intensity of interactive behavior presented the tendency of first increasing and then decreasing. This is mainly due to the change of available space for PIBs with the increase of density. As for sideways behavior, the proportion of sideways behavior shows a rapid increasing trend from LOS A to LOS D. At LOS E, all the observed PIB events are sideways behaviors.
The longitudinal distance indicator of pedestrian overtaking behavior first shows a decreasing trend and then keeps a stable value with the key density of 1.05 p/m 2 , while the horizontal distance indicator first shows no significant relationship with density and then decreases with the continuous increase of density. As for pedestrian evasive behavior, the micro distance indicators first decrease and then keep a certain value with the increase of density. The key density is 1.45 p/m 2 .
Based on the findings of our research, there are some differences compared with the descriptions presented in HCM 2010 and the descriptions of critical densities identified in this study. The findings of our research are helpful to understand the knowledge of pedestrian behavior on stairways for a better stairway traffic design and level of service evaluation.
One of the limitations of this study is that only the second flight of the ascending stairway and the top flight of the descending stairway are selected as the observed objects. More field observations should be conducted to analyze the characteristics of PIBs on stairways. Meanwhile, more researches should be done to propose a local level of service criteria of pedestrian stairways. And other factors such as gender, age, walking speed, and luggage-carrying also need to investigate their impacts on the PIBs. In addition, comparative analysis between level passageway and stairway is also helpful to comprehensively grasp the characteristics of PIBs on stairways.
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